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1 Overview of the Project

There is no one-to-one mapping from syntadic relationships to semantic relationships in
English sentences. A sentence with a main clause axd a subadinate dause does not
always expressa causal relationship between two events. The subjed of a verb daes nat
always represent the instigator of an ad. An adjedive does not always indicate aphysicd
property of some entity. Yet there is a mapping from syntadic relationships to semantic

relationships; some part of the meaning of a sentenceis refleded in its surfacesyntadic
form.

This dissertation is abou finding links between syntadic and semantic relationships. In
particular it is abou defining sets of semantic relationships that can be expressed by
syntadicdly related sentence dements. It is abou caaloguing clues that hint at the
syntax-to-semantics mapping and wing those dues in a program to urcover semantic
rel ationships where they exist in sentences. It is also abou recognizing when the dues are
insufficient. When this occurs, linguistic fads lurking beneah the surface become
necessary; they can be leaned from user asgstance to make uncovering subsequent
semantic relationships easier and more acairate.
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1.1 Automated Semantic Analysis

Automated semantic analysis of textsinvalves sich processes as determining word senses
and referents, reagnizing modificaion relations and semantic roles, interpreting
guantificaion, and many others. Whatever the processes involved, automated semantic
analysis usualy attempts to urcover comporents of the meaning of a fragment of text
beyondits surfacesyntadic structure. Consider sentences (1) and (2).

Q) Ed brokethe thumb onJoe' s left handwhen he swungthe hammer off-target.

2 Ed swung a leavy metal hammer askew and lroke e’ s left handthumb.

There ae many syntadic and lexicd differences between (1) and (2). Yet the events and
participating entities are similar enough that if both sentences occurred together in a text,
one of them might be mnsidered redundant. Semantic analysis $1oud produce structures
that reved some of the underlying simil arities of meaning in the sentences.

1.1.1 Oracles

Automated semantic analysis does not necessrily imply full automation a autonamy.
Often some outside source of knowledge is required to inform analysis. This orade may
be alarge, comprehensive knowledge base, a @rpus of analyzed text or a human user—as
in this projed.

1.1.2 Entitiesand Events

Since this dissertation deds with semantic relationships marked by syntadic forms, at
times | will findit necessary to talk abou the semantic things that syntadic d ements refer
to.

Frawley (1993 xiv) identifies certain “basic objeds in a model of the world: things,
adions, and the relation d things to adions.” Things more formaly are entities:
“relatively stable and atemporal discourse, ontologicd, and conceptua phenomena”
(p. 68 and they usually surface @ nours. Actions more formally are events. “relatively
temporal relation[s] in conceptual space” (p. 144 and they usually surface a verbs.’
Finally, the relation d things to adions is acournted for by thematic roles (cases):
“grammaticdly relevant relations between predicaes (often events) and arguments (often
entities)” (p. 199.

Borrowing liberally from Frawley, then, | will use the term entity to refer to the semantic
thing represented in syntax as a noun.| will aso refer to the semanticdly complex thing
represented in syntax by a noun phiase & an entity. Modifiers of anounin anoun phase

1 Frawley’s definition of event is general enoughto include four more spedfic kinds: acts, states, causes,

and motion.
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serve to groundit, bu the complex noun phiase still refers to a single entity. Using this
terminalogy, bah (3) and (4) are entities.

3 cat

(4)  thefat cat onthe porch

Similarly, | will use the term event to refer to the semantic thing represented in syntax as
a verb. | will also refer to the semanticdly complex thing represented in syntax by a
clause & an event. Both (5) and (6) are events.

(5) snoaze

(6) the fat cat onthe porch snoazes all day long

1.2 Goalsof the Project

The semantic relationships in the sentences of a text form a model of that text. With the
present state of the at, fully automatic construction o such a modd is not feasible
withou a knowledge base. A fully manua construction d the model is feasible, bu
onerous. My thesis is that it is possble to aayuire the model interadively withou
demanding of a user as much as a large knowledge engineaing effort. This clam can be
tested through the following speafic projed goals. The extent to which the goals have
been met will beinvestigated in chapter 6.

1 To construct usable, patable sets of semartic relationships. The sets soud take
into acourt similar sets proposed by others and shoud be general enough for any
tedhnicd text and for other kinds of relationship-based analysis of texts.
Construction shoud be informed by empiricd considerations, such as marker data
and text coverage.

2 To design andimplement a semi-automatic system for remgnizing semantic
relationships in tex. The system shoud make use of whatever grammaticd
knowledge is available, bu shoud avoid open-ended, damain-spedfic semantic
knowledge. It shoud aso offer informed suggestions and lean from user inpu.

3 To ewaluate the ahbility of the system to learn. As more text is processed, the
number of semantic relationships remgnized automaticdly shoud increase,
reducing reliance on the user.

4 To ewaluate the system's coverage of relationshipsin atex. Parse treeinput is not
aways perfed. The system shoud be &le to remgnize some semantic
relationships even from imperfed parses.
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5 To ewluate the burden the system places on the user. Rewmgnizing semantic
relationships is not always easy, even for people. The system shoud be ale to
anayze reassonable amounts of text in a reassonable amount of time withou
overtaxing the user.

1.3 Semantic Analysisin TANKA

TANKA (Text ANalysis for knowledge Acquisition) is a projed whose goal is a system that
produces a model of the knowledge contained in a technicd text. Syntadic analysis in
TANKA is performed by DIPETT; semantic anaysis is performed by HAIKU. The design,
implementation and evaluation d HAIKU are the vehicle for acaomplishing the goals
listed in the previous sdion.

1.3.1 DIPETT Parse Trees

DIPETT (Domain Independent Parser of English Tedhnicd Texts) is a broad-coverage
Definite Clause Grammar parser (Delisle 1994,Delisle & Szpakowicz 1995 whaose rules
are based primarily on Quirk et al. (1985. DIPETT automaticdly produces a single initial
parse. This first good farse treeis a detail ed representation o the constituent structure of
a sentence In particular, the parse tree ontains the noun phiases, clauses and syntadic
conredions between clauses that make up the inpu for HAIKU semantic analysis.

1.3.2 ThreeTiered Semantic Analysis

Semantic analysis in TANKA is the semi-automatic recognition d semantic relationships
among entities and events represented in sentences. HAIKU reaognizes three kinds of
semantic relationships. clause level relationships, cases and nounmodifier relationships.
This divison d semantic relationships is motivated by thelr syntadic manifestation at
different levels. It is possble, howvever, for the same semantic relationship to be redized
a any of the levels, suggesting that a unified view of semantic relationships is
appropriate. For this projed the relationships that apply at ead level remain separate, and
| investigate the posshility of unifying them in sedion 5.4.

At ead level HAIKU attempts to find the best relationships using syntadic evidence and
previous analyses. The system suggests these relationships to a @operating user for
approval. As more sentences are analyzed, HAIKU leans to make better suggestions based
onthe user'sinpu.

Clause Level Relationships

Clause levd relationships (CLRs) are semantic relationships between events represented
syntadicdly by syndeticdly conneded finite dauses. The CLR analyzer recognizes these
relationships in sentences by considering the lexicd items that mark them (coordinators,
correlatives, subardinators) and the syntadic feaures of the cmnreded clauses.
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Case Relationships

Cases are semantic relationships that express the roles of the participants and the
circumstances of an event. The cae analyzer remgnizes cases in finite dauses by
considering the syntadic or lexicd items that indicae verb arguments (subjed, ohjeds,
prepositional phrases, adverbias).

Noun Modifier Relationships

Noun modifier relationships (NMRS) are semantic relationships that define entities. They
are epressd within noun phrases as modificaion. The NMR analyzer reaognizes
relationships expressed by adjedives, premodifying nours and patmodifying
prepositional phrases and appasiti ves.

1.3.3 Background Knowledge

HAIKU can be dharaderized as knowledge-scant. It is designed to avoid excessve reliance
on pemded, damain-dependent, semantic knowledge. In pradice cetain kinds of
knowledge encoding are forbidden in TANKA and cetain kinds are dlowed. The
distinction is not entirely arbitrary. In this ®dion, | will describe what knowledge is
allowed in TANKA, and haow it differs from the knowledge that is not.

Linguistic Knowledge

Both DIPETT and HAIKU use dl kinds of linguistic knowledge. DIPETT'S grammar is
linguistic knowledge. The fad that part of the meaiing of an uterance is refleded
explicitly in its surfacestructure (e.g., that an entity is represented syntadicdly as a noun
and an event as a verb) is linguistic knowledge. That moda auxiliaries express
uncertainty, that prepositional and adverbia phrases indicate darcumstances of an event,
that cetain kinds of noun compound are hyporyms of their heads are dl bits of
linguistic knowledge, and are dl allowed by TANKA.

These examples are knowledge of language in general. Such knowledge is closdaly tied to
the surfacesyntax and daes not vary from domain to damain a from text to text. It is
independent in the sense that ead linguistic fad can be ercoded to asdst the semantic
analysis task withou requiring that further knowledge (such as lexicd semantics) be
added for the fad to be useful.? Furthermore, the linguistic knowledge in TANKA is
relatively uncontroversia. There may be disagreanent on the spedfic semantic
relationships possble between adjedives and the nours they modify, bu there is
relatively lessdisagreamnent on the fad that such relationships exist.

2 An example of linguistic/semantic knowledge that does not have this property is the knowledge that

nouns denoting animate objeds are more likely instigators of ads. That knowledge would require that
nouns in alexicon be tagged as tanimate .
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Semantic Knowledge

The sets of semantic relationships recognized by HAIKU are semantic knowledge (sedions
2.3 3.4and 4.4). The dictionaries mapping lexicd markers to subsets of relationships are
semantic knowledge (sedions 2.4, 3.3.1and 4.5). The preference rules for clause level
relationships and the paraphrases for nounmodifier relationships are semantic knowledge
(sedions 2.5.3and 4.4.).

The semantic knowledge dlowed in TANKA must be dosed. Mapping markers to semantic
relationships is alowed since the sets of markers and relationships are small, fixed and
domain-independent: they do nd grow or change from domain to damain. Tagging nours
with semantic dassinformation is not allowed in TANKA, since the nours are a open
caegory and their senses may change from domain to danain. The number and reture of
preferencerules for CLRs depend onthe CLRs, na on the semantics of the main verbsin
clauses. For example, it might be tempting to add a rule stating that a dause with the
main verb preveit is evidence for the Prevention CLR (sedion 2.3.1), bu such rules
would be potentially open-ended. Case assgnment would be relatively simple if the cae
patterns associated with particular verbs were known in advance. Again, that knowledge
isopen-ended, and nd allowed in TANKA.

The techniques used by HAIKU to recognize semantic relationships shoud be independent
of the dlowed semantic knowledge. The noun modifier relationship anayzer can work
with any set of noun modifier relationships, and even alows runtime aldtion d new
NMRs (sedion 4.6.5. CLR analysis uses the preference rules for pairs of CLRs if such
rules exist. If nat, the CLRs are given equal weight in CLR competitions (sedion 2.5.9),
meaning that HAIKU could assgn CLRs even with no pior knowledge of CLR semantics.
In the dsence of marker dictionaries, HAIKU would be more dependent on wser inpu, bu
could still im prove over time by leaning from user assgnments.

User Knowledge

In the dsence of other kinds of semantic knowledge, HAIKU relies on the user to supdy
information. It is therefore apriority in HAIKU to minimize the burden placed onthe user
in interadions with the system. Evaluating the deaease in user adivity over the wurse of
analyzing atext measures HAIKU'S sIccessin curbing user burden.

1.4 Evaluation

A significant part of this dissertation is devoted to the evaluation d HAIKU’ S performance
on various texts and d the knowledge it aauires. The evauation experiments were
necessrily spedfic to TANKA, bu | have dso paid attention to some more genera
evaluation principles.
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There has been increased interest in the evaluation d natural language processng (NLP)
todsover the last few yeas. The message understanding conferences (MUCs) are adired
read¢ion to a ladk of standardization in the evaluation o such tools. The MUC
competitions compare the performance of different systems on some uniform,
predetermined text processng task. The motivation for and badkground d the MUC
competitions is described in Grishman & Sundheim (1996.

Although these cmmpetitions have succesdully emphasized the importance of evaluation
for the NLP community, they have dso reveded certain limitations. In particular,
reseachers have noted that the predefined tasks in evaluation competitions result in
applicaions that are designed to score well, bu are nat portable (see MUC-6 199§.
Furthermore, littl e dtention has been paid to the evaluation d interadive systems and the
role of users (Hirschman & Thompson 1996.

To addressthese isaues, Sparck Jones (1994 and Sparck Jones & Galliers (1996 offer
more genera strategies for evaluating generic NLP systems: “thereis far too much variety
in the situations and subjeds of evaluation to come up with a definite [evaluation]
scenario” (Sparck Jones & Galliers 1996 193.

Hirschman & Thompson (1996 distinguish two kinds of evaluations—diagnastic
ewvaluations and performance ewaluations—that make different assuumptions abou the
distribution d test data. A diagnostic evaluation tests a system on al of the linguistic
phenomena that it is designed to hande. Lehmann et al. (1996 describe the cnstruction
of an exhaustive test suite for diagnostic evaluations of natural language processng
systems. The distribution d linguistic phenomena in the test suite of a diagnostic
evauation is amost certainly not the same s the distribution d phenomena in complete
texts, which form the test suite for a performance e/aluation. For performance
evaluations it is important to identify criteria (what is being evaluated), measures (what
properties of performance refled the aiteria) and methods (how the measures are
analyzed to arrive & an evauation d the aiteria).

The comporents of HAIKU will be evaluated onfour general criteria:

the number of semantic relationships recognized corredly by the system;

2 theincreasein propation d corred analyses over the curse of asesson (HAIKU'S
ability to lean);

3 the system’'s coverage of the test texts (number of semantic relationships
reagnized relative to the number acually in the text);

4 the burden that interadion daces onthe user.

The first two criteria ae objedive aad can be measured dredly. Coverage is objedive,
but canna always be measured dredly, since the number of semantic relationshipsin an
entire text is not always easy to determine. | will use sampling when dred measurement
isnat feasible (seesedions 3.6.1and 4.7.9. The fourth criterion is mostly subjedive, bu
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its evaluation will take into acourt quantitative measurements of user participation (see
sedions1.4.3and 1.4.4.

141 Test Texts

TANKA targets unedited English technicd text for semi-automatic analysis. Tedchnicd
texts usually lack humour, intentional ambiguity, and aher devices that would make
analysis more difficult. Copedk et al. (1997 describe astudy to investigate the charader
of texts typicdly considered technicd.

DIPETT and HAIKU have been tested ona variety of technicd texts. | refer to four of these
experiments repeaedly throughou the dissertation.

The clouds experiment was a performance e/aluation summarized in Barker & Delisle
(1996. The text for the experiment was the Junior Science Book of Rain, Hail, Sed &
Snav (Larrick 1961). The clouds text has fairly simple syntax and was chasen to ensure a
high number of corred parses. The belief was that the higher parse success rate would
alow the system to recgnize more semantic relationships, since HAIKU would have
access to more @rred parse trees. Unfortunately, the simpler text uses very generd
terminology and less complex modificaion, resulting in fewer semantic relationships.
The clouds experiment was meant to evaluate DIPETT, CLR analysis and case analysis as
well as user burden. Sylvain Delisle and | were the two usersin the experiment.

Results of the small engines experiment appea in Barker et al. (1998. The Mechanics of
Small Engines (Atkinson 1990 has more cmplex syntax, resulting in fewer corred parse
trees avalable for HAIKU. On the other hand, the text contains more semantic
relationships per sentence This experiment was a performance evaluation d DIPETT, CLR
analysis, case aaysis, NMR analysis and wser burden. Sylvain Delisle and | were ajain
the usersin the experiment.

The building code experiment used sentences from the Ontario Building Code (Ontario
Ministry of Housing 1997 in a diagnostic evaluation d the CLR analyzer. The building
code text contains thousands of complex sentences with a variety of conjunctions
conneding clauses and a variety of syntadic verb phrase feaures.

The sparc experiment was a performance evauation d comporents of the NMR analyzer
on noun pheses from the SPARCstation 1Install ation Guide (Chan 1989.

1.4.2 Parser Evaluation

For the clouds and small engines experiments, the quality of DIPETT’s output had a major
effed on semantic anaysis.

The clouds experiment applied DIPETT and HAIKU to 512 sentences. DIPETT produced a
single mmplete parse tree overing all tokens (words and purctuation) for 412 sentences
(80%). A complete parse does not necessrily mean a rred parse. 4/ of the parses of
clouds sentences were perfed. Another 19% were good enough na to affed semantic
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analysis. The other 34% of the parse trees had errors that were serious enough to prevent
the recognition d one or more semantic relationships by HAIKU.

In the small engines experiment, 55% of the 557 sentences recaved a cmplete parse.
Due to the much more complex syntax, only 31% of the parses were perfed and ancther
9% were good enough nad to affed semantic anaysis. That means that for 60% of the
sentences in the small engines text, parse arors were serious enowgh to prevent HAIKU
from reaognizing all the semantic relationships.

The individual evaluations of CLR analysis (sedion 2.6), case analysis (sedion 3.6) and
NMR anaysis (sedion 4.7) investigate the extent to which HAIKU was affeded by parse
errors.

1.4.3 User Actions

The evaluation d HAIKU'S success at recognizing semantic relationships will be judged
by the type of adion required by the user. Every time HAIKU assgns a semantic
relationship to an inpu, it requires approval from the user, so even corred analyses
involve user interadion.

The first type of user adion is accept: HAIKU presents the user with ore single semantic
relationship suggestion and the suggestion is corred. Accept adions are @nsidered
corred semantic relationship assgnments by the system.

The seand type of adion is choose: HAIKU suggests more than ore posshble semantic
relationship and the corred relationship is among them. The number of suggestions is
limited to the number of marker — relationship mappings for a given marker, which is at
most roughly half the total number of semantic relationships. In pradise the number of
suggestions is usualy no more than three or four (seefor example sedions 3.6.1 and
4.7.2.

The third adion is supgy: either HAIKU is unable to offer any suggestions, or the @rred
relationship is not among HAIKU' s suggestions; the user must supdy the relationship.

In certain instances it will be cnvenient to compare the number of supdy adions to the
sum of the other two types. In those comparisons | will use the term system assgnments
to refer to semantic relationships assgned as a result of a choose or accept adion and
user assgnments to refer to relationships assgned as aresult of asuppy adion.

1.4.4 User Burden

For ead user interadion in the clouds and small engines experiments, the degree of
difficulty of interadion (referred to as onus) was recorded as an integer from O to 3. 0
means that the interadion is trivial. 1 is asdgned to an interadion that requires a few
moments of refledion. 2rates an interadion as requiring serious thought, but eventualy a
semantic relationship is assgned. 3 means that even after much contemplation no
relationship is deemed appropriate for the given inpu.
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User burden is aso refleded in the anount of time required to overseethe analysis of a
text. The average number of tokens (words or purnctuation) in the small engines sentences
was 15.4.The average number of CLRs per sentence was 0.04,whil e the average number
of case patterns was 1.05 and the average number of NMRs was 1.59. On average, we
spent 1 minute, 49 seands on ead sentence By coincidence the average user time for
the clouds experiment was also 1 minute, 49 seconds for an average of 0.10 CLRs and
0.86case patterns per sentence (NMRs were not evaluated in the clouds experiment).

1.5 Applications

Information extraction from text often invalves the identification o essentia participants
and circumstances in ads. The participants and circumstances can be represented dredly
as cases. More spedfic knowledge of the participants involves rewmvery of the
relationships within noun phases (NMRS).

Template fillingisakind d information extradion. A template has a fixed set of dotsto
be filled with spedfic information from the text. For events, these slots are often
anaogous to cases (with names such as Agent, Instrument, Locaion, etc.) and sometimes
also relate events to ather events (comparable to recgnizing CLRS). For entities the slots
often correspondto hypernyms, subcomporents, puposes and properties—knowledge of
the kind that is cgptured by NMR analysis.

It is often claimed that case is auniversal phenomenonaaossnatura languages (Fillm ore
1968. Reseach has identified strikingly similar lists of cases for many human languages
(seeCampe 1994 for a multili ngual bibliography of case). The semantic roles in a source
language dause muld be used as part of an interlinguain machine translation.

Question arswering systems are often faceal with questions abou properties of entities
and the participants and circumstances of events.

The onstruction d semantic lexcons has become apopuar areaof reseach in netural
language engineaing. Noun entries in these lexicons often identify properties of entities,
hypernyms, subcomporents, as well as the events in which the entity expressed by the
noun participates.

1.6 Organization of the Dissertation

The five goals of sedion 1.2 apply to al three levels of processng in HAIKU. This
dissertation is divided into three main chapters correspondng to HAIKU'S clause level
relationship analysis, case anaysis and nounmodifier relationship anaysis. Each chapter
describes work dore towards stisfying the projed goals. building a set of semantic
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relationships;, implementing a semi-automatic system that uses linguistic dues to
remgnize semantic relationships in sentences; evauating the system on its ability to
lean, the coverage of its relationships and the burden it places onthe user.

Clause level relationship analysis, sinceit deds with the largest (and most intricae) parse
treefragments, has accessto more linguistic evidence for recognizing relationships. The
conredion ketween syntax and semantics is greseed more in chapter 2 than in the other
chapters, smply because there is more syntax at that level than the others.

Case anadysis is not part of the @ntribution d this projed, since the techniques have
aready been described in Delisle (1994 and Delise et al. (1996. What is part of this
projed isthe processof constructing the set of cases and the evaluation d their coverage.
HAIKU'S cases have receved more dtention in evauation than either CLRs or NMRs.
Chapter 3 is primarily abou defining and evaluating a set of semantic relationships.

There is little surfacelinguistic evidence to guide the assgnment of noun modifier
relationships. The NMRs themselves have not been tested for coverage to the extent that
the cases have been. What is unique dou the NMR analyzer isits use of partial matching
on a growing base of previous instances, and the atention paid to elements of the user
interface Chapter 4 has an emphasis onleaning and user interadion that does not occupy
as prominent a placein the other chapters.

Chapter 5 explores ressonable extensions to the projed along with bdder departures.
Chapter 6 summarizes the projed and evidence that its goals have been met. Three
appendices contain samples of the dause level relationship marker dictionary (seesedion
2.4), the cae marker dictionary (sedion 3.3.1) and the nounmodifier relationship marker
dictionary (4.5). Literature review has been parcdled ou to sedions 2.1, 3.1 and 4.1.
There is an abundance of interesting work related indiredly to ead o the three main
areas of the projed, bu lessthat is diredly applicable.



12

16.1 Paper Map

Overview of the Projed

Parts of the dissertation have drealy been the subjed of technicd reports and papers.

topic dissertation sedions previously described in
CLR 2.1-2.4,2.5.12.5.4, | Barker (1994, Barker & Delisle (1996,
Anaysis |2.6.1,2.6.2 Barker & Szpakowicz (1995, Barker et al. (1998
Cases 3.1-3.4, 3.6.2 Barker (1996, Barker & Delisle (1996,

Barker et al. (1997
Case 3.5,36.1 Barker & Delisle (1996, Barker et al. (1998,
Analysis Deliseet al. (1993, Delideet al. (1996,
NMR 4.1,4.2,4.4.6,4.7.2 | Barker (1997, Barker & Szpakowicz (1999,
Analysis Barker et al. (1998
Bradketing | 4.3, 4.7.1 Barker (1997, Barker (1998, Barker et al. (1998
Evaluation | 2.6.1, 2.6.2, 3.6, 4.7 | Barker & Delisle (1996), Barker et al. (1997,

Barker et al. (1998




